Introduction
The crystals of alkylammonium tetrachlorometallates with the general formula (NR 4 ) 2 MCl 4 , with M corresponding to a divalent metal ion, have been widely investigated owing to their interesting physical properties connected to the different phase transitions. Crystals of the general formula (NR 4 ) 2 MX 4 most often have the prototype structure of β -K 2 SO 4 and reveal a classical sequence of phase transitions from the normal orthorhombic phase through the incommensurate to the commensurate phase (ferroelectric or ferroelastic) [1 -8] . This is the case for tetramethylammonium tetrachlorometallate crystals [N(CH 3 ) 4 ] 2 MCl 4 (M = Zn, Co, Ni, Fe, Cu, Hg), which crystallize at r. t. in the Pnma space group. [N(CH 3 ) 4 ] 2 ZnCl 4 single crystals with high optical quality undergo five phase transitions [9] . The crystals with the tetraethylammonium cation, [N(C 2 H 5 ) 4 ] 2 MCl 4 , show at r. t. the tetragonal symmetry P4 2 /nmc with similar cell parameters [10] . A differential scanning calorimetry study showed two transitions for [N(C 2 H 5 ) 4 ] 2 ZnCl 4 [11] . The crystal structure of α-[N(C 2 4 by means of differential thermal analysis, IR spectroscopy and X-ray diffraction.
Experimental Section
The synthesis of β -[(TEA)(TMA)ZnCl 4 ] was performed by a mixing N(C 2 H 5 ) 4 Cl, N(CH 3 ) 4 Cl and ZnCl 2 (molar ratio 1 : 1 : 1) in distilled water. The mixture was stored at r. t. at about 32 • C. After few days, square colourless crystals appeared.
The infrared spectrum of the product was recorded in the 4000 -370 cm −1 range with a Perkin-Elmer FT-IR 1000 spectrometer using samples pressed in spectroscopically pure KBr pellets.
A single crystal (0.30 mm × 0.17 mm × 0.13 mm) was selected by optical examination. Data were collected on an Enraf-Nonius CAD4 diffractometer. Unit cell parameters were derived from least-squares refinement of the setting angles of 25 reflections in the 2θ range 13 -15 • . The crystal structure data are summarized in Table 1 . 
An empirical absorption correction based on Ψ -scans was applied. The structure was solved using SHELXS-86 [13] in the space group P2 1 2 1 2. The refinement was performed with SHELXL-93 [14] . Zn and Cl atoms were first located using Direct Methods. The atomic positions of nitrogen, carbon and hydrogen of the organic groups were found by subsequent difference Fourier syntheses.
The final reliability factors were R = 0.037 and wR = 0.085 for 2033 unique reflections with F o greater then 2σ (F o ) and 318 refined parameters.
As the structure was solved in a non-centrosymmetric space group, the Flack absolute structure parameter x [15, 16] , which must be equal to 0 (within 3 esd's) for a correct absolute structure and +1 if the atomic positions have to be inverted, refined to x = 0.04(3) ≈ 0.
Results and Discussions

Calorimetric study
Differential scanning calorimetry measurements were performed on heating the sample from 150 to 420 K using a Netzsch-DSC 204 calorimeter. Five endothermic peaks are present at 165, 232, 279, 284, 
Structure description
Relevant final atomic coordinates for all nonhydrogen atoms, selected interatomic distances and angles are given in Tables 3 and 4, 
ZnCl 4 ) and organic sheets (TEA) both parallel to the (001) plane (Fig. 1) .
In Fig. 1 we can see a first layer at z = 0 consisting only of cations (TEA) + with the sequence (TEA) + /(TEA) + . The organic-inorganic layer is centred at z = 1 /2, built up from two dented sheets of ZnCl 4 2− tetrahedra. Two methylammonium groups, TMA + (1) and TMA + (2), are locked in the cavities formed between ZnCl 4 2− sheets. The first type occupies a = 1 /2 and b = 1 /2 positions, the second is locked at the middle and base of a square (Fig. 2) .
The configuration of the (TEA) + cations correspond to the stable one known as "Greek Cross" [21] . C-N-C and N-C-C angles and C-C and N-C distances are as commonly observed and show slightly distorted groups [22, 23] . (TMA) + (1) and (2) groups present C 2v punctual symmetry. C-N-C angles and N-C distances are regular. ZnCl 4 tetrahedra present a C 1 punctual symmetry with geometrical features similar to those commonly observed [22 -24] . The Zn-Cl distances vary between 2.265 (2) [12] . The α and β forms were prepared starting from the same mixture of components in aqueous solution. Crystals were obtained from cooling solutions, at r. t. and at about 32 • C, respectively. The cell parameters of the β phase are greater than those of the α phase, and we note an increase of 0.5% in volume. The atomic arrangement in the α and β form is similar. It consists of alternate organic-inorganic layers (TMA/ZnCl 4 ) and organic sheets (TEA) both parallel [12] . Disordered atoms are represented by black circles with reduced radii.
to the (001) plane. Its structure contains two TMA + cations and a single TEA + cation. In the β form, the planes are translated by c/2 and all groups are ordered. The TMA + cations have C 2v punctual symmetry. In the α form one TMA group is ordered with high symmetry (T d punctual symmetry), the second is distorted and disordered. Due to4 symmetry, the nitrogen atom is virtually linked to sixteen carbon sites with occupancy of 0.25. The organic layers of the substructures made up (TEA) + anions have the same thickness. In the β structure the anion is ordered but in the α structure disordered, not reported by previous authors. The reconstitution of projections from cif's file shows clearly that some atoms are duplicated by the symmetry operations 1 /2 + x, 1.5 − y, 1 − z and y, 1 − x, 1 − z. Distances between duplicated carbon atom and hydrogen atoms are about 0.04(1)Å and vary between 0.04(1) and 0.06(1)Å, respectively (Fig. 3) . Finally we can deduce that when synthesis temperature increases the structure symmetry decreases but some groups seem to be more ordered. + alternating with sheets made up of ions TMA + and ZnCl 4 2− , both approximately parallel to the (001) plane. Compared to the α form, we conclude that the effect of the synthesis temperature is important: As the temperature decreases, the symmetric order of the structure increases with appearance of two disordered anions.
